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Abstract 
SAR earth observation data can provide high quality flood maps and information to 
better assess the flood risk accordingly planning as well as to support civil protection 
authorities during emergency phase. The scope of this paper is to create flood extent 
maps from a series of SAR scenes of the Evros basin which represents a transboundary 
floodplain. The study uses time series SAR images of Sentnel-1 ESA’s Copernicus 
satellite system covering the period October 2014 to May 2015. 
The methodology tries to identify the flood that occurs in three main land cover 
classes, such as urban areas, bare or poorly vegetated soil and vegetated areas, taking 
advantage of co- and cross-polarized SAR backscattering channels, and the InSAR 
coherence to better characterize the landscape. Dual-pol SAR data provides the 
opportunity to have a better understanding and interpretation of flood detection due 
to way different land cover react to different polarizations. Thus, with the 
implementation of InSAR coherence estimation we may achieve a better record and 
knowledge of the flooded areas, over time, in the specific region. 
Keywords: Flood mapping, SAR, Evros, Hydrology. 
Περίληψη 
Τα SAR δεδομένα παρατήρησης της Γης μπορούν να προσφέρουν χάρτες πλημμυρικής 
έκτασης και πληροφοριών υψηλής ποιότητας για την καλύτερη εκτίμηση του κινδύνου 
πλημμύρας κατά συνέπεια το σχεδιασμό, καθώς και για την υποστήριξη των πολιτικών 
αρχών υπέρ της προστασίας κατά τη φάση έκτακτης ανάγκης. Το πεδίο εφαρμογής του 
παρόντος εγγράφου είναι να δημιουργήσει χάρτες πλημμυρικής έκτασης από μια σειρά 
εικόνων SAR της λεκάνης του Έβρου, που αντιπροσωπεύει μια διασυνοριακή κοίτη 
πλημμυρών. Η μελέτη χρησιμοποιεί χρονολογικές σειρές εικόνων SAR του Copernicus 
δορυφορικού συστήματος Sentinel-1 που καλύπτει την περίοδο Οκτώβριος 2014-Μάιος 
2015. 
Η μεθοδολογία προσπαθεί να προσδιορίσει την πλημμύρα που συμβαίνει σε τρεις κύριες 
κατηγορίες κάλυψης γης, όπως είναι οι αστικές περιοχές, γυμνά ή κακώς βλάστηση 
εδάφους και περιοχές με βλάστηση, εκμεταλλευόμενοι τα  εναλλασσόμενη πόλωση SAR 
κανάλια backscattering, και τη συνάφεια συμβολομετρίας για τον καλύτερο 
χαρακτηρισμό του τοπίου. Χρησιμοποιώντας εναλλασσόμενη πόλωση SAR δεδομένα 
παρέχει την ευκαιρία να υπάρχει μια καλύτερη κατανόηση και ερμηνεία της ανίχνευσης 
πλημμύρας λόγω του διαφορετικού τρόπου που αντιδρά η κάλυψη γης σε διαφορετικές 
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πολώσεις. Έτσι, με την εφαρμογή της εκτίμησης της συμβολομετρικής συνάφειας 
μπορούμε να επιτύχουμε ένα καλύτερη καταγραφή και γνώση των πλημμυρισμένων 
περιοχών, στη πάροδο του χρόνου, στη συγκεκριμένη περιοχή. 
Λέξεις κλειδιά: Χάρτης καταγραφής πλημμυρών, SAR, Υδρολογία. 
1. Introduction 
Presently, the most common approach for using EO data for flood mapping is based on SAR images. 
SAR is characterized by a good sensitivity to water and is able to provide data day and night, 
regardless of cloud cover. Several past studies demonstrated that SAR systems are suitable tools for 
flood mapping so that the use of SAR data is presently well-established in operational services for 
flood management. For the purpose of a timely and effective flood management, a number of 
algorithms published in the literature are available to produce near real time (NRT) flood maps 
(Chini et al., 2013; Pulvirenti et al., 2011; Chini et al., Under Review). In spite of this progress in 
the development of NRT flood mapping procedures, the detection of inundation in vegetated and 
urban areas still represents a critical issue (Chini et al., 2012; Pulvirenti et al., 2013; Pulvirenti et 
al., 2016). This is due to the fact that radar signatures of such targets are often ambiguous. As a 
matter of fact, there is clearly a necessity to make use of the enhanced observational capabilities of 
Sentinel-1 in order to find better ways for detecting floodwater in vegetated and urban areas. Indeed 
the dual-pol acquisitions mode, the medium spatial resolution (20m) with a huge swath width (250 
Km), the high repeat cycle (small temporal baseline) and relative narrow orbit tube (small 
perpendicular baseline in case of interferometric acquisitions) are all characteristics that make 
momentum for the development of new automatic flood mapping algorithms in more complex land 
cover environment. 
In the present work, the high sensitivity of the interferometric coherence to detect small changes has 
been exploited to detect the presence of water in urban area, but also to reduce possible false alarms 
caused by soil moisture effects in case of base soil and also to extract information about land cover, 
replacing in this respect optical data features such as Normalized Difference Vegetation Index 
(NDVI). Instead, the polarimetric characteristics of Sentinel-1 have been used to detect flood in 
vegetated area, since the cross- and co-polarized backscattering behave differently respect to the 
double-bounce between vertical structures and the water on surface. All these effects have been 
taken into account making use of a change detection approach where changes of the backscattering 
at the different polarizations, co- and cross-, and the interferometric coherence respect their dry-state 
have driven the detection of flooded pixels in a statistical based framework. The test case is the 
Evros River, the second largest river in Eastern Europe after Danube River, flowing through 
Bulgaria, Greece and Turkey discharging into the north Aegean Sea. 
2. Methods 
The approach tries to identify the flood that occurs in three main land cover classes, such as urban 
areas, bare or poorly vegetated soil and vegetated areas, taking advantage of co- and cross-polarized 
SAR backscattering channels, and the InSAR coherence to better characterize the landscape. 
In a SAR image, the amplitude and phase of the backscatter field depends on the physical (i.e., 
geometry, roughness) and electrical (i.e., dielectric constant) properties of the target. The presence 
of floodwater changes these properties because the ground roughness tends to become smoother and 
the real part of the dielectric constant becomes considerably larger than that of both dry and moist 
soils. As a result, the surface reflectivity increases. 
In bare soil the decreased roughness let the backscattering decrease and this behaviour is the same 
in both co- and cross-polarized channel, thus we identify the insurgence of flood taking into account 
just the backscattering intensity. 
http://epublishing.ekt.gr | e-Publisher: EKT | Downloaded at 21/02/2020 00:39:00 |
1732 
 
In urban area, the double bounce effect is typically represented in SAR images by a very bright line 
that appears on the side of the wall that is illuminated by the radar (Franceschetti et al., 2002). It is 
worth mentioning that double bounce paths all have the same length as the range of the intersection 
between the ground and the front wall of the building. In this case, even if the building is surrounded 
by smooth asphalt surfaces, so that the change in soil roughness may be negligible, the increase of 
reflectivity due to the increase of the dielectric constant implies, in principle, a considerable increase 
of the double bounce effect. If we consider the angle between the flight direction and the street 
alignment, the increase is high for small angles while is reduced for higher angles. As a consequence, 
even in an ideal situation of an isolated building surrounded by a homogenous ground surface, the 
increase of the double bounce due to the presence of floodwater is not very high if buildings are not 
parallel to the SAR flight direction. This increase can be hardly detected using only the backscatter 
intensity in a complex urban environment. Hence, the idea is to integrate intensity data with the 
InSAR coherence, which is basically a measurement of the degree of correlation between two 
complex SAR images. It is defined as the normalized cross correlation between the images and it is 
related to the change in the spatial arrangement of the scatterers within a SAR image pixel (Chini et 
al., 2015), and thus to geometric changes in the scene. An interferometric pair can be built using 
two images taken before and after the flood, and it is expected that flooded areas exhibit low 
coherence, typical feature to distinguish the presence of water, especially in urban areas where this 
feature is usually very high regardless the images temporal baseline. 
Concerning vegetated areas, which are more complex environment, are usually characterized by low 
coherence due to changes in plant growing stage. Subsequently, coherence can help distinguishing 
increases of backscatter due to soil moisture variations, in case of bare soil, from those due to the 
presence of water beneath vegetation, double-bounce phenomenon, where coherence is considerably 
lower. In this case the coherence plays basically the role of replacing optical data to detect vegetation. 
Furthermore, we can take advantage of the two polarization available. Indeed the cross-polarized 
backscatter is more sensible to volume scattering, while is the co-polarized one the more sensible to 
the double bounce. As a matter of fact, in vegetated areas we should detect a sensible backscatter 
increase in the VV polarization and not in the VH one (Hess et al., 1990). 
3. Results 
As already mentioned in the introduction, the test case is the Evros River, which flows through 
Bulgaria, Greece and Turkey discharging into the north Aegean Sea. The river has a total length of 
about 515 km of which 218 flowing along the Greece - Turkey border and the rest in Bulgaria. The 
Evros river catchment, of 52,900 km2 is one of the most intensively cultivated areas in the Balkans 
with a high socioeconomic and environmental (Evros Delta is protected under Ramsar Convention) 
importance. Although the last fifty years significant hydraulic works have been constructed several 
severe floods events struck the catchment and particularly the southern part the most severe of them 
happen during 2004, 2005, 2006, 2009 and during the current year causing severe damages to 
agriculture, transport and water supply networks. In particular, in the period between October 2014 
and August 2015 have been collected more than twenty dual-pol Sentinel-1 images (VV/VH) 
making possible to monitor the flood evolution. The flood is present in almost all images, except 
two, which have been taken as reference, the images acquired on October 13 and 25, 2014. 
The available SAR data have been calibrated and geocoded by means of the ESA-SNAP Toolbox 
software to derive the backscattering coefficient (σ0). For this purpose, the SRTM 3sec DEM has 
been used (Farr et al.). The products have been multilooked, 5 looks in range and 1 in azimuth, as 
well as a pixel size of 20x20 m2 has been chosen for the Sentinel-1A calibrated data. As for the 
coherence, it has also been extracted through the ESA-SNAP Toolbox software considering a 
moving window size of 7x7 pixels.  All products have been co-registered as a first step of the data 
processing. 
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In Figure 1 is shown an example of the detection of flood in bare soil and vegetated areas, such as 
marshes. In particular it is highlighted the advantage of using dual-pol data (VV/VH).  It is worth to 
note how in base soil areas the decrease of the backscatter occurs for both polarizations (red areas) 
while for the vegetated ones the increase is evident only in VV (light blue areas). 
In Figure 2 is shown an example of the role of the coherence for detecting flood in urban and 
vegetated areas. There are highlighted two different RGB colour composition representations: 
- Left: coherence between images pre-flood (October 25, 2014) and post-flood (November 6, 2014) 
(R), intensity VV pre-flood (G) and intensity VV post-flood (B). White areas are representative of 
unchanged areas, while green and blue regions are where the flood occurred in bare soil and 
vegetated areas respectively. 
- Right: coherence pre-flood (October 13, 2014-October 25, 2014) (R), and coherence post-flood 
(October 25, 2014-November 6, 2014) (G and B). Red areas represent where the coherence is high 
in the pre-event coherence map while the light blue ones those ones where the coherence is higher 
in post-flood one. 
Moreover, in Figure 2 the examples of bare soil (upper panel), vegetated areas (central panel) and 
urban areas (lower panel) are shown. 
In the bare soil class the flood is depicted in green (left, low coherence and higher backscattering in 
the pre-event image), the pre-event coherence is higher as well (right). 
In the vegetated areas the flood is highlighted in blue (left, low coherence and higher backscattering 
in the post-event image), while in this case the pre-event coherence is low as well (right, dark areas). 
Finally, urban areas, that fortunately were not affected by flood, are quite bright (left, high coherence 
and high intensity in both images), and as well high coherences in the pre- and post-event maps 
(right). 
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Figure 1 - RGB combination involving the October 25, 2014 intensity image (R), the March 
3, 2015 intensity image (G and B), VV (left) and VH (right polarization. The red areas in the 
image represent bare soil which are flooded in both polarizations in the second date. Light 
blue areas represent the flooded vegetation, the increase of backscatter is quite evident in the 
VV polarization (left). In the lower panel a detail of the upper one is shown in both 
polarizations, VV (left) and VH (right). 
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Figure 2 - RGB colour composition. Left: Coherence between image pre-flood (October 25, 
2014) and post-flood (November 6, 2014) (R), intensity VV pre-flood (G) and intensity VV 
post-flood (B). Green and blue regions are where the flood occurred in bare soil and vegetated 
areas respectively. Right: Coherence pre-flood (October 13, 2014-October 25, 2014) (R), and 
coherence post-flood (October 25, 2014-November 6, 2014) (G and B). Red areas represent 
where the coherence is high in the pre-event coherence map while the light blue areas those 
ones where the coherence is higher in post-flood one. 
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